UNCLASSIFIED 
AD  NUMBER 


AD224410 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative /Operational  Use;  15  APR  1952. 
Other  requests  shall  be  referred  to  Department 
of  the  Navy,  Attn:  Public  Affairs  Office, 
Washington,  DC  20350. 


_ AUTHORITY _ 

CNA  Itr  4  Aug  1960  ;  CNA  Itr  4  Aug  1960 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


AD  2  2  4  4  1  0 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE;  When  government  or  other  dravingB,  apecl- 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Govemtaent  thereby  Incurs  no  responsibility,  nor  any 
obligation  vdiatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  coJTioratlon,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


TfflS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Classificai'on  cliangL-.i  ro  __ 
)iy  liiii',' il;\  .)!  yX'  Sc-r 


/ 


CONFIDENTIAL  0p374/m1g 

SEGUFITY  INFORMATION  Ser  017P03D 

5  Aug  1952 

6n  This  material  contains  infonnatloti  affecting  the  national 
defense  of  the  United  States  within  the  meaning  of  the 
Espionage  LawSf  Title  18^  Sections  793  and  794,  the  trans¬ 
mission  or  revelation  of  which  in  any  manner  to  an  unauthorized 
person  is  prohibited  by  law^ 


DISTRIBUTION: 

rai/uviV.l'ii'OU 


,!;■!’ Ii  AT  ,1; 


’  sri 


-  ■•Ur’;.':; 
i.i .  c  I;. '  or; 


(LO) 

1  ■*  » 
_L^  *•' 


TT.  KL 
.;:<'^OI{MATION 


’■•  /  A’-.V  A  ■ 


:oii; 


'ic. 


A^oAPAOj 


V' 

Air  T';?. 
bho  re.'j'' 
(OEG  .3'. 

dfi  SCI.’ 
iTiexib  t-,. 


{:o)r],.cc 

bin/; 

apjj.r ■ 


I 


of.  ;  vl  r’pl?'.p.e;-j  v  j.sv.£iily  in  day- 
.ro'-tdi; I’ltfed  Ir;;  thy  Haval 
P.i.-j  H-..i‘y.Lv:r.’„  Cirtinayitjon  of 
Oo  •  pr;.;!  c- •>  i  i;"'  vj.  rraa  i  -  dot  eoblon  bheoi'y 

chooi’;/  a  in  :.rj  a  t  o  1  y 
:  I  0  ..'s/ovco  ii  '.on  „  The  afy?0£'' 
'i.;  -vio  /ir."  p;  i::  nysbor  the 

'  ;.  nr'  •!;••  :'b  ',h"  •  ;•  n art-  ‘.n 

^  r-.  ■  It  in  b-o?.: 

:  I.) 

£t 

y  :i  p:r*/ 


1 


15^  Aaf;u..  '  . 


C0NFH)ia}¥i-AL 
SEiiURn'X  INFORMATION 


■.[j’al  DErmcnor:  in  air  rn'ERCEPTioN: 

A  c;ori\MviA'.A;  of  theohf  wrrn  trial  IvEsults 

'Rr-viaed  A.prLl 


Ref : 


(a) 

(>0 


OFd 

ob;: 


•.  r* 


{ c. )  ORfi 


'Jptiu'., 


■nni.'.': 


i-  3-y.  ffiid  Scre'  nln?  G'l’.if  19l.(-6 

No.  36.a  DetcribLon  in  Aii‘  Inier- 

Oenf  2r;  Oci  19^5 

No.  IJ'.C  AdcJervimn  OSO  Studj  No.  .368 

1  r;;-.*  *•.  ' 


^  *1 1 


of  Probohiiibv  of  Visual  Detection  in 


c.'  ;.>t  1  •.). 


d  -r._ 


O  1  I^T _  1  /• 

i  . .  .v«o  V  j.y  ;;»u 


OFlJ  ii!. 


\  J 

(f ; 


I;o,  371  The  Prr.'blot.j  of  Visual  and  Radar 
iligli  .-hir.  i  i  Hi /-^ii-Spoed,  Hi gij- Altitude  Interception 
iU-orot  •.  1)00  iX'UB 

CO-T.V/A,ER  Eiig.lnesf.I  g  Report;  No.  nE-p'-'lf  Character- 
i.;.-::.  ioc  iVnaraarr  UoS«  Navy  A-ircraft  Secret  1$  Oct 

lyiv: 


T  .  T  C, ! .  "f 
■  L  4.  .L,.i 


I,  INTHODNCTION 


In  .•iplte  of  the  iiijproveaionts  that  have  been  made  in 
other  detcctior.  oetbods,  vlsncl  sighting  of  enemy  aircraft 
remains  vital  In  air  int«rcepti(.>ri„  C.I.C.  Infoi'mation  gen¬ 
erally  is  instif ficieut  bo  g>alde  an  aircraft  into  firing  po- 
sition.  Conao^faently,  final  lets  or.  ion  must  often  be  by 
visual  mo  ail 


Tntorsst  li'.  visual  detect  lo:'.  was  stimulated  by  the 
failure  to  sigVtt  Japanese  Kaitiik:a?,e  attackers  at  I’anges  suf¬ 
ficient  to  ■it.r.’cat  their  raission  nnd  by  the  difficulties  In 
conducting  'Jr"’"  '•  iscus  opera'.ions ,  At'a-mptc  were  made 
to  obtain  j  ion  on  detection  probabilities  from  de¬ 

tections  of  ;-f'  Jl.-i-^oodsl  eircrafto  Those  trials  proved  in¬ 
conclusive,  and  ;).■.■>  piemament  record  o.f  thorn  v/as  kepit.  Some 
experimental  dftt.a  on  vision  vrere  av  jiiable,  however,  and 
from  them  a  Cusio  thoorn'  of  v.hcuai  detection  was  oonstroicted 
(reference  (a)). 


Reference* 
to  the  si  Siting 
( b )  8.pp  1  i  6  d  ti ;  1 2 
..drgetsj  aid  r-'-f 
one  to  CO  ' ■n.'lijto 
taj.go':  air oraf’/ 
of  conditloTi,"  , 


(a)  made  special  application  of  this  theory 
of  surface  ships  from  aix'craft,,  Reference 
t/.i-I  Oo  X*  ^  to  Hit'  visual  detection  o.f  airborne 0. 
ercnce  (c)  presented  a  rnotliod  that  enabled 
;:!u;  probahilit:;  r.r  ri,Tj.al  detection  of  a 
b,;  'j.n  aii-bortie'  arvor  for  a  lax'ge  ninribor 
P.uf .-ii'-aice  (ci;  •:r..iortook:  apodal  treatment  of 
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of  h}ifc  c.ji',  i  .  .  i,,lo.ina  f.ho  ob je '.'.t  -jL'.b.  blio  t^iyo, 

B.  DETEC :iOB  LJBE 

RGiO.’lt:;.:  'iv;.;"' b",T.  i-i  oy  K  =  J..W-  Craik  are  iJ30d 

iT\  rel'erii'ico  {  .}  c-  {:■)  !:  no-'v.:  Glne  (ixpres^ion 

oopriectirn'  br-’.;  ■Ti'’. .la  o  n. '-.I;  C  w.ii;;.;  rauKi.'  of  target  R, 

angle  9  eni-.-.t:.-.  i.E'-;-  leav.--  aiti  -nc  v:' ana.!  ,  unrZ  area 

A  of  tiie:  cJa.a.  av  ;i  fo.i  ../i  b:..  t-.irget  in  t.-u:  pl^a:.e  perpan- 

dloular  to  ti.u,  ,w.\l  a.i.ie: 

C  J>,  (  t  4b,b(wR"’)/ A.  (1) 


Hera  R  i.i  iz:.  '.;L.L:r.ar  A  ia  in  3q^u.a.ra  feet,  and  Q  is  In 
degrees r  (If  Q  I3  than  OoO.  this  equatioza  does  not 

apply,  bho  .-.jluf..  of  R  la  Che  same  as  that  determined 

for  9  =  GoS.,)  This  equat.ioz).  defines  a  detection  lobe, 
which  can  bo  thought  of  as  a  surface  of  revolution  oon- 
struotod  about  tru-;  oye’a  visual  a.'cis  in  such  a  manner  that 
a  target  witnin  the  Icbzi  nan  be  soon  and  a  target  outside 
of  t.h.0  lobe  cajcio:.  be  seen,.  Actually,  of  course,  visibili¬ 
ty  of  an  object  lb  not  tri.-it  precisely  dotermizzable ;  some 
targets  that  fall  vibV.iu  ,.lzo  detection  lobe  v/111  be  Piissed 
and  ctho.rr)  that  .-.etbi-ie  of  it  will  bo  detected^  The 

lobe  :!  c  drawii  o:.  c];o  a-ssumpbiozi  u.  '''-'o  mmber  of  targets 
detected  ;L,s  t.W)  oario  c-..s  iEiough  oil  that  fall  within  the  lobe 
are  detsctc.t  -and  all  that  .fail  outwr'de  it  are  mlssod„ 
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conti’s.-d  C,.  wit.. 


rLr.oi'.ra-.oru  i.r.l.t  '’ednee  the  apparent  con- 
and  t.hu.s  reduce  !,he  .r-sri. ge  at  ^d:ich  the 
ted.  Rcterence  (0.)  ocnnects  izitrinsic 
parent  t  0  by  thr;  expro scion 


V..44  R/' 


who-'o  V  !•:  ^ 
large  taY-gots 
this  iizt"  c, ■ 


■c  :.oorole^ 


al  visibility  or  (’xage  at  ’.A-..vch 
.tain.s)  C  O'  be  seozz,.  Sab3titut.ing 


d  !•  H/i'^ 


U>c6(9?t'),  A. 
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D,  DETECT  [ON  fiANGE 

MaxlTtmm  I'arigf.  ;>r  -'j- '  ei'-t  !,ori  wMl  be-  obtained  when  the 
target  is  imaged  on  t '-le  '  '-a.  Thi,s  will  occnr  Tvh.-.ri  6  is 

less  than  or  equal  t-r  i-gr-'e,  wiiioh  is  the  approximate 

angular  radius  of  tb  fc  . /€■.;„  This  substitution  in  equation 
(1)  yields 


R^.  ::  0.1655  ;:'C-1.565)A  (4) 


as  an  expression  for  maximum  range  Rj^.  The  maximum  range 
in  the  ahset-ce  oC  hav:  s.  R.^^. ,  simj.Lar)  _7  heoomes 

Rq  =  0.1655  'kOo  -  1.565)A.  (5) 


E.  COMPUTATION  OP  DSi’EGTION  LOBE 

Equations  (3)  and  (5)  connect  visual  perception 
angle  0  with  A,  Go.-  V-  and  R.  If,  Instead  of  these,  the 
variables  R/Bqj  Ro/V'.<  'stnp.loyed).  the  number  of 

variables  is  reduced  from  4'to  3-  When  rhle  is  done,  the 
following  expreaslon  L?  obtained  for  0s 

’  _  Np 

0  =  F  Jg/P  t  i  -  1  ,  (6) 

where 

F  -  Oe/4.9  (RyR)V'(c^.  1,565)'“ 


and 

G  =  O.ao  0,^,  •;-xpN-3.UiiR/V)(R^/H}"7(C^,  -  1.565). 

j-ubaila  of  a  similar  3ub=ir  iiut ;  on  i.fivol"'»ing  R^,  instead  of 
Rg  can  be  found  1.3'i  reference 

Equati.cn  .;6)  ta.:  boon  u:-:d  in  ref ►Mence  tb)  to  com¬ 
pute  detection  lobf..'  .“'••.r  a  wid<'  var  L^ny  of.  :Tnait:Lon3 «  Two 
typical  lobes  are  piaffed  01  Figure  1.  Cu?0',’'e  A  shows  the 
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probability  per  unit  time  then  is  integrated  over  time  to 
give 


=  1  -  ov:p 


\  bud  “  t?j[)OtJ 


(10) 


Which  is  more  ccnvoident  11.'  it  1;.  .vpresrisd  in  terms  of 
distance 
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xdiere  v  is  the  relative  velocity  in  knntso 

For  the  special  case  in  which  the  interceptor  is  on 
a  collision  course  with  ttie  attacking  aircraft,  this  equation 
reduces  to 


P  =  1  -  o.^>(-ll^l/v)  (12) 

.liiere  I  is  the  integral 


Rl/Ro 

I  -  (  2,21  (loO)  In(l  -  gj^)  d(R/R^^). 


Here  is  the  range  at  seui'cb.  begins  and  R2  Is  the 

range  at  which  the  interceptor  h.aa  closed  to  oDtain  the  proba¬ 
bility  of  detection  P.  Tliis  ap'eoial  3.ituatlon  corresponds  to 
the  one  ewiating  rinrlng  the  trials,  (Soe  Section  IIlV 


H.  METTHOD  OP  DETERMINING  PROBABILITY 

Prom  the  formulas  given  in  t.ho  preceding  paragraphs, 
it  is  possible  to  detemniiie  the  theoretical  probability  of 
detecting  an  air  t  arget  '  L'  ti’-o  nocossary  para.metors  are  known 
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j  7  o  DETERMINATION  OP  THEORETICAL  DETECTION  PROBABILITIES 


A..  DEi.'ERMINA-.'ION  OF  PARAMETERS 

Q'.i.ant Lties  i^eciessary  for  caluclation  of  the  t.heoreti- 
■  •.al  probabilities  of  detection  can  be  determined  from  the 
res'jlts  of  trials  described  in  Section  III,  Prom  these  same 
hL  '^al  :'03uli  a  it  is  also  possible  to  determine  the  observed 
rr  i. itioa  of  detection.  (See  Section  V  below.)  The 

'.'an  be  cested  by  comparison  of  these  theoretical  and 
•.ioservr  d  prnbabi  lit  ie  s . 

This  section  of  the  study  describes  the  manner  c 
d*;.  ;eririinlng  the  quantities  needed  for  calculating  the  thee- 
i'.tical  probabilities  of  detection.  The  method  of  using 
'V'se  •'jaiues  to  detennine  these  probabilities  is  described 
In  Section  II-H. 


3.  DKI'ERHINATION  OP  SOM  MOLES  (0  AND  |) 

0  is  the  nxiraber  of  degrees  that  the  observer  scans 
to  the  left  or  right  of  the  expected  position  of  the  target, 
^  Is  the  number  of  degrees  that  the  observer  scans  above 
ov  c.oloxv  the  expected  position  of  the  target.  These  quanti- 
l  5s  were  specified  as  30  degrees  for  ©  and  3  degrees  for 
I  foi-  all  detection  runs  in  these  trials. 


C.  DETERMINA'IION  INTRINSIC  CONTRAST  (Cq) 

Reference  (b)  gives  27  percent  as  the  intrinsic  con¬ 
trast  against  a  sky  background  of  an  mipalnted  aluminum  air¬ 
craft  (TO-1)  and  97  percent  for  the  intrinsic  contrast  of 
a;'  alT'cr'aft  that  was  painted  Navy  blue.  These  values  of  Cf, 
are  used  for  the  aircraft  employed  during  these  trials. 


Dc  DETERMINATION  OP  MiUCBrjM  RANGE  (Ro,c7<-  ) 

is  the  maximum  range  in  the  absence  of  haze  at 
which  the  target  can  be  detected  if  it  is  headed  at  an  angle 
ck  oft  the  line  from  observer  to  target.  There  are  two 
methods  of  determining  it.  An  "exact"  method  determines  how- 
aspect  area  and  beam-aspect  area  A^q  from  scale  drawings 
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of  the  t;arget  aircraft  and  uses  tliese  figures  in  the  folloiiid.ng 
equations ; 


R 


o 


o 


,1659  J(Co-i.965)A3 


{e:iuation  (5)j  Section  II) 


^o’cx  -  ^0^ 


o  'i 


C030< 


’’’(AoAqo) 


sinc< 


This  a.ssunes  that  Aq,  »  the  apparent  area  at  aspect  angle 
cx  j  is  the  sum  of  the  projections  of  the  bow  and  beam  areas. 

Li  tne  "approximate'*  method,  the  maximum  range,  at  zero 
degress  aspect  angle  is  assumed  to  be  proportional  to  the  cube 
root  of  the  gross  weight  of  the  aircraft.  (See  Section  II-I.) 
Then  for  any  contrast  can  be  found  in  Figure  3»  and  Rqjcx 

con.  bo  determined  from 


Rq’  = 


coscx 


+2 


2»4  • 


sin  o<. 


)R, 


c»o 


Here  the  additional  assumption  that  A0/A90  =  2.4  also  is  made. 

Calculations  of  Rq>o  Ro>12Q  been  made  using 

both  of  these  methods.  The  results  of  these  calculations  are 
shown  in  Tables  I  and  II,  Justification  of  the  two  methods 
can  be  found  in  Section  II  and  in  reference  (b).  Weights  and 
areas  for  the  P8f-2  and  the  F7F-3N  were  obtained  from  refer¬ 
ence  (e).  For  the  TO-1.  these  were  detenriined  from  reference 

(f). 


I 


TABLE  I 

MXIHCTM  RANGES  DETERMINED  BI  "EXACT"  METHOD 


Aircraft 

AqoCft^) 

Ro»o 

Ro»120 

F8P-2 

97 

62.5 

147.5 

12.8 

20  o5 

P7F-3N 

97 

132 

^0 

18.5 

28.4 

TO-1 

27 

53 

153  06 

6.1 

10.7 

20 
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TABLE  II 

MAXIMUM  RANGES  DETERI-llNED  BY  "APPROXIMATE"  METHOD 


Aircraft 

Co(fo) 

W{lb) 

W-/3 

so 

0 

0 

^o’120 

P8P-2 

97 

11,500 

22.5 

17 

27.2 

P7P-3N 

97 

23,900 

29 

22.5 

36.0 

TO-1 

27 

14,300 

24.5 

10 

16 

E„  DETERMINATION  OF  METEOROLOGICAL  VISIBILITY  (V) 

Meteorological  visibility,  the  r  -xige  at  which  large 
tai-'gets  can  bd  detected  in  the  absence  of  haze,  is  nob  as 
directly  determinable  as  the  other  vif  ual  detection  para¬ 
meters.  It  is  a  property  of  the  atmosphere  and  not  of  the 
particular  aircrafts  Its  connection  with  the  range  at 
vhich  a  target  can  be  detected  was  given  in  equation  (2), 
vAiich  may  be  rewritten  in  the  following  form; 


V  =  (3«i|4  Cq  -  log 


where  Cq  is  the  intrinsic  contrast  in  absence  of  haze  and 
OnulBO  is  the  actual  contrast  of  the  object  at  a  maximum 
range  and  aspect  angle  120°.  This  latter  can  be  obtained 
from  Ritijl20  by  equations  (k)  and  (5)»  ^diich  combine  to  give 

^m>120  =  (I^m»  120/^0 ^120^*"' 


Rjiijipg,  the  maximum  range  at  vhich  a  target  with  an 
aspec  angle  of  120  degrees  can  be  detected,  is  furnished 
by  the  trial  data.  It  was  noticed  that  the  values  thus  de¬ 
termined  during  each  of  the  two  periods  17  January  -  8 
Augusr.  1949  and  16-31  August  1949  fluctuated  very  little. 

Tt  was  therefore  decided  to  consider  the  meteorological 
vxsibiljty  constant  ;^dthin  each  period.  The  value  of 
%i’120  io  determine  V  for  each  of  the  tvro  periods  was 

the  ingest  Rin,i20  ike  period.  The  justification  for 
this  chcLco  is  that  the  observers  were  also  acting  as  pilots 
•arid  coiiseqi'.ently  were  forced  to  make  their  observations  of 
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i>ia;-d.iinui.  range  idth  less  efficiency  than  could  have  been  ex- 
Doctod  if  they  had  been  acting  as  observers  only.  Disturbing 
factors  such  as  the  need  for  looking  at  flight  instruments, 
the  absence  of  reference  po  lid;n  bo  facilitate  relocation  of 
the  target  after  glancing  awa^;  from  it,  and  the  irregular- 
mo  b  ion  of  the  aircraft  cai'rying  the  observer  caused  the  ob¬ 
serve)^  to  lose  sight  of  the  target  sooner  than  ho  would 
un"ro  nontial  conditions .  Consequently  it  was  felt  that  the 
Ion  'Out  range  at  which  tho  target  was  visible  was  close  to 
;^ho  value  that  v;ould  in  fact  obtain  under  normal  operating 
Condi  tlcnrj 

Values  of  were  used  in  the  computations 

arc  ivon  in  Table  III.  Values  of  V  are  also  given  in  that 
iro  ore  « 


TABLE  III 

RANGES  AND  METEOROLOGICAL  VISIBILITIES 


Aircraft 

Period 

\>120 

°in*120 

7 

Exact 

Approximate 

Exact 

Approximate 

PSP-2 

17  Jan- 

17 

65.5 

37.3 

147.7 

60.7 

P8P-2 

16  Aug- 

31  Aug 

20.3 

95.1 

53.2 

3535.4 

116.4 

F7F-3F 

17  Jan- 
8  Aug 

18. 5 

42.0 

4o,5 

76.5 

73.2 

TO-1 

16  Aug- 
31  Aug 

14.3 

27.0 

21.9 

00 

176.5 

P,  GROUPING  OP  PARAMETERS 

Exaraiaation  of  the  raw  test  data  disclosed  that  the 
visual  detection  parameters  vrould  be  constant  over  each  of 
e.' -.ht  ffroups  of  trials.  Each,  group  may  be  characterized  by 
the  i.-oiod  during  vdiich  the  mins  of  the  group  took  place, 
the  target  aircraft,  and  the  speed  with  vihich  tho  target 
airci'aft  closed  toward  the  observer.  The  eight  groups  are 
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Data 

Grot5)  S-cmlier 

Periods 

Target 

Aircraft 

Closing 

Speed 

1 

17  Jan  -  2  kae  igUg 

PSI'-2 

300  knots 

2 

17  Jan  -  8  kne  1S^9 

P2P-2 

500  knots 

3 

16  Aug  -  31  Aug  1949 

P2P-2 

500  knots 

4 

16  Aug  -  31  19^9 

PgP-2 

700  knots 

5 

17  Jan  -  2  Aug  1949 

37P-3N 

300  knots 

6 

17  Jan  -  2  Aug  I949 

P7P-33J 

300  knots 

7 

16  Aug  -  31  Aog  1949 

TO-1 

300  knots 

s 

16  Aug  -  31  Aug  1949 

TO-1 

700  knots 

Cartain  trials  were  excluded  from  these  groups,  as  explained 
in  Appendix  A,  Values  of  the  various  parameters,  determined 
for  the  different  periods  as  described  in  this  section,  are 
summarized  in  Table  IV.  These  values  were  used  In  computing 
the  theoretical  cumulative  probabilities  of  detection.  (See 
Section  II -H  and  Section  VI.) 
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V.  DETERMINATION  OF  OBSERVED  CUI'nJLATIVE 
DETECTION  PROBABILITIES 


Section  IV  described  the  raethod  of  obtaining  theoreti¬ 
cal  probabilities  of  detection  from  the  trial  results.  The 
present  section  gives  means  of  calcnla.tijig  tho  cuimxlative 
proha bilii.ies  of  debecti-'-n  that  actnally  were  observed  In 
the  trials.  Secbion  VI  v;ill  compare  the  t'.j'o  seos  of  oroba- 
bii ities . 

Observed  cinrFalative  probabilities  of  detection  fcj.- 
each  gr.MJ.p  of  trials  (Section  IV-P)  are  doberralned  from  t}w 
detection  ranges  that  occur  dtirlng  the  detection  runs 
(Secbion  III).  The  n  runs  of  the  gnjup  are  arranged  end 
ruunber-ad  in  decreasing,  order  of  ihe  lieboction  >■.];■- 

.served  on  eacli  run,  so  bhj^>t 


'‘n’ 


whoro  Rj  is  the  detection  ra-rge  observed  on  tne  ibh  -'un. 
PailuT’-fs  to  detect  .are  recorded  at  roucge  zero. 


Then  the  observed  ouiralative  probability  of  visual 
dotoction  associated  with  the  ibh  run  is  i/ii  at  range  R.j  . 
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VI.  CCMPARISON  OF  OBSERVED  MD  THEORETICAL 
PROBABILITIES  OF  DETECTION 


The  validity  oT  the  theoi?y  of  visual  detection  that 
was  outlined  in  Section  II  can  be  assessed  by  comparing  the 
cumulative  probabilities  of  detection  that  were  observed 
during  the  Patuxent  trials  with  the  corresponding  probabili¬ 
ties  that  xvere  determined  by  the  theory. 

To  make  the  comparison,  an  60-percent  cumulative  fre¬ 
quency  belt  was  drai^n  around  the  curve  of  theoretical  proba¬ 
bility  that  had  been  determined  from  each  group.  These  belts 
are  defined  as  those  x^ithin  idiich  80  percent  of  the  observa¬ 
tions  can  be  expected  to  lie.  They  x«ire  determined  xjith  the 
assistance  of  the  theory  of  binomial  distributions,  as  de¬ 
scribed  in  Appendix  B.  A  sample  curve  with  its  belt  is  shown 
in  Figure  6, 

After  these  belts  were  dravn,  the  observed  probabili¬ 
ties  of  detection  for  each  group  of  trials  were  plotted  on 
the  corresponding  graphs  of  the  theoretical  probabilities 
and  80-percent  belts.  For  each  graph,  a  count  was  made  of 
the  number  of  observed  cumulative  probabilities  plotted 
above  the  80-percent  belt,  within  the  belt,  and  below  the 
belt.  Failures  were  counted  as  occurring  below  the  belt. 

If  the  theory  adequately  described  the  detection 
process,  10  percent  of  the  observed  probabilities  should  lie 
above  the  theoretical  80-percent  belts,  and  10  percent  of 
them  should  lie  below  the  80-percent  belts.  The  actual  per¬ 
centages  in  each  he't  are  shovm.  in  Table  V. 


TABLE  V 

PERCENTAGES  IN  FREQUENCY  BELTS 


Method 


Percentage  of  Observed  Probabilities 

Above 

80^ 

belt 

Within 

80?J  belt 

Below 

80^ 

belt 

Total 

upper  lower 
half  half 

19 

59  68  41 

21 

100 

100 

Exact 


Approximate 
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Table  V  demonstrates  the  close  agreement  between  the 
results  of  the  exact  theoretical  method  and  the  observed 
i.est  rocultse  Agreement  is  not  as  close  for  the  results  of 
tho  approximate  theoretical  method.  It  was  not  expected, 
of  course,  that  it  would  be.  It  is  unlikely  that  the  ap¬ 
proximate  method  will  be  used  if  the  required  information 
(size  of  the  aircraft  (See  Section  IV-D))  is  available.  In 
many  actual  cases,  unfortunately,  the  size  an.d  shape  of  the 
target  aircraft  x^lll  not  be  Imov/n,  Then  the  approximate 
method,  which  utilizes  the  gross  weight  of  the  aircraft  will 
be  useful. 
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Bai^ge  (nautical  mlleEt) 

FIG.  6:  COMPARISON  OP  THEQHBTICAL  AND  EKPEEIMlirEAL  CIMILATIVE 
PROBABILITIES  OP  DETECTION 
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VII.  CONCLUSIONS 


On  the  basis  of  the  rrial  results,  it  can  bo  concluded 
that  the  visual  detection  theory  presented  in  reference  (b) 
satisfactorily  predicts  cm-rulative  probabilities  of  detection 
when  the  so-called  "exact"  method  is  used.  In  this  method 
t}i.o  maximum  range  in  absence  of  haze  is  determined  from  the 
aspect  area  of  the  target.  However,  vdien  this  range  is  de- 
tenriined  from  considerations  of  the  weight  of  the  airplane, 
the  so-called  "approximate"  method, agreement  between  theory 
and  exueriinent  is  not  as  satisfactory. 

Examination  of  the  relatively  small  number  of  trials 
aialyzod  in  this  study  reveals  that  the  "exact"  method  gives 
slightly  smaller  detection  probabilities  than  are  observed 
in  practice.  This  conservatism  is  not  extreme,  and  may  be 
accounted  for  by  two  conditions: 

(1)  Specular  reflection  aids  detection,  and  is  not 
considered  in  the  theory  .  Although  detections  that  obvi¬ 
ously  vrere  facilitated  by  sunflash  have  been  excluded  from 
the  computations,  it  is  possible  that  some  detections  might 
have  been  assisted  by  sun  reflections  that  were  not  recog¬ 
nizable  as  such.  This  would  give  a  large  detection  range 
and  so  increase  the  observed  detection  probability. 

(2)  Since  there  were  no  reference  points,  it  was 
difficult  to  enforce  the  scanning  procedure.  A  tendency 

for  observers  to  scaA  the  center  of  the  field  more  thoroughly 
than  the  edges  was  noted  on  the  data  sheets.  This  would  re¬ 
duce  the  horizontal  scanning  angle,  v/hich  would  tend  to  pro¬ 
duce  detactlons  u.  greater  ranges  than  those  predicted  by 
a  theory  using  the  erroneous  larger  horizontal  scanning  angle. 
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APPENDIX  A 

TRIAL  DATA  AFD  REASONS  FOR  OMISSION  OP  CERTAIN  TRIALS 


Tables  A-1  to  A-5  present  the  data  from  trials  con¬ 
ducted  ab  the  Naval  Air  Test  Center,  Patuxent  River,  Maryland, 
frora  1?  December  1946  to  20  Septanber  1949 •  These  trials 
were  conducted  to  determine  the  probabilities  of  visually  de¬ 
tecting  aircraft  under  operational  conditions,  and  from  the 
basic  data  from  which  the  vx>rbh  of  the  visual  detection  theor;'/’ 
was  assessed.  Certain  of  the  data  listed  in  these  tables  were 
not  used  in  making  this  analysis.  Enumeration  of  the  rejected 
data  and  reasons  for  their  omis35.on  follow. 

Data  taken  on  I7  December  1946  1  and  6  September 

1949  were  not  used.  On  I7  December  1946  no  tracking  burns 
were  made,  and  no  experimental  determination  of  meteorologi¬ 
cal  visibility  was  possible.  Consequently  there  existed  no 
basis  for  making  a  comparison  with  the  results  obtained  otj 
the  detection  runs. 

On  1  and  6  September  1949 »  seven  sets  of  observations 
of  a  P2B-13  were  made.  Because  this  aircraft  was  painted 
black  on  the  underside  and  v/as  of  unpainted  aluminum  above, 
it  was  not  possible  to  determine  a  logical  value  of  Co  fnr 
use  in  calculating  the  theoretical  px’obabilities  of  detection. 
Calculations  with  Co  =  97  percent  have  been  made.  These  give 
a  good  fit  of  observed  and  theoretical  probabilities  of  de¬ 
tection  (all  points  fall  within  the  80-percent  frequency 
belts)  and  also  give  close  agreement  between  observed  and 
theoretical  haze-free  maxinuun  ran.ges,  Hov/ever,  the  results 
are  not  considorei.  significant  and  have  not  been  used. 

In  each  of  the  periods,  17  January  -  8  August  1?':9, 
and  16  -  31  August  1949»  the  observed  values  of  Rni»120 
each  aircraft  fluctuated  in  general  between  fairly  narrow 
liirAts  independent  of  the  closing  speed.  It  was  decided 
therefore  to  consider  that  the  meteorological  visibility 
was  constant  within  each  period.  On  this  basis,  the  resulti 
of  the  runs  made  on  17  May  have  not  been  included  in  this 
anal7f3is,  since  for  both  participating  aircraft  the  observed 
-axes  of  RTnji20  were  all  considerably  lower  than  the  values 
generally  observed  on  the  other  runs  made  during  the  same 
period. 
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Results  of  tracking  run  4(T0-1)  on  I7  August  1949  aud 
tracking  runs  10  and  12  on  31  August  1949  ai’Q  attributed  to 
sunflash  and  hence  are  not  included  since  they  represent 
maxlraixm  visual  ranges  obtained  under  atypical  conditions «, 

The  results  of  detection  runs  made  on  17  May  have  not 
been  Included,  since,  as  has  been  pointed  cut  earlier,  they 
were  conducted  under  different  visibility  conditions  than 
the  other  runs  in  that  period,  and  there  were  not  enough  of 
these  runs  to  warrant  their  separate  analysis. 

Dui'ing  ttxe  detection  runs  made  on  17,  I8  May,  29  July 
and  3  August,  instead  of  being  vectoi*ed  directly  toward  each 
other  (as  was  the  case  in  all  other  detection  runs)  the  par¬ 
ticipating  aircraft  were  vectored  on  Entl-parallel  courses 
passing  some  small  distance  (called  flight-path  separation) 
abeam  of  one  another.  Although,  under  such  conditions,  de¬ 
tections  TOuld  ordinarily  occur  at  slightly  smaller  ranges 
than  on  head-on  detection  runs,  the  data  from  these  runs 
have  been  handled  in  the  same  manner  as  the  data  obtained 
from  the  other  detection  runs  (except  runs  on  17  May  vhich 
have  already  been  excluded  from  consideration  for  reasons 
discussed  earlier).  The  inclusion  or  exclusion  of  these 
runs  should  not  materially  affect  any  of  the  results  since 
in  most  cases  the  flight-path  separation  was  quite  small. 

Detection  luns  5  6  on  23  August  have  not  been  in¬ 

cluded,  On  these  runs  detections  were  reported  as  having 
occurred  at  an  imspeclfled  range  and  outside  the  field  of 
scan.  Since  the  manner  of  handling  such  data  Is  highly 
questionable,  these  results  have  been  excluded  from  further 
consideration. 
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the  probability  of  not  less  than  .  nor  inorv  than  b  occurrences 
of  the  event  on  n  trials  (o  a  b  ^  n)  is 


S 

i=a 


n 

fri 


-  1)  ■ 


P^-  (i  -  p) 


n- 


Tlie  limits  of  the  BO-peroent  frecuemv/  belt,  fox*  a  given  proba¬ 
bility  p,  and  a  given  number  of  t.rials,  n,  are  obtained  by 
choosinr.  of  a  and  b  locatco  as  symmetrically  tus  possible 

about  np  (the  expected  number  of  occurrences)  in  such  a  manner 
a,:  !  1  yloj.d  a  value  for  P{a  <.  x  ^  b,  n)  as  close  to  o80  as 
pf. i.blc-',, 

It  is  by  i'.his  procedure  (or  approxiniabions  to  it,  iix 
will' to  the  incomplete  Beta  Function  is  used)  that  the  ci:.rve.s 
in  }■  iguro  10,4  of  reference  (a)  have  been  obtained. 
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APPiiiT-n  X  C 

COMBINING  STA'ilSTICS  (^ROM"hUNS  MADE  UtlDER 
DlFFSR'iC'i'-/  DOND 1 TIONS. 


Ono  <>.;  th-r.  '  :har&2t-ei-:. I'^L.i  of  -j  '.i.'era.l 

vl'iU'..I  Ir,' C-: M 'ii';  uhsory  I..  ' 'lo  abl.lit-T  C'.-'  t'.hfi  thacr;v  h'l 
coi'’.i:LrLe  ''.iy  n-  iLi  f.  i  :  f  '.rji  inodo  i!r)J..-.r  dirr^renf-  CvjiioJ.iilons o 
It-  f-hr:’.  .'.ppcn'Jl,>  me'-ti-jd  j.  deij-n-vl  fv.r-  '>,oTnl •  1  n.iag  i's-stilfcs 
ic.  h'." n:' ’tfr  ayy  tin  o:i'y  t.h&l  predic-ts  ‘.umlatiive 

prci!.' 11.;  i.i.fcy  oi  uein-tiMl  .-n  by  ^.rry  gi.vem  range  as  a  funcblon  o.f 
th'--  i;'a.r-;l,ou3  onditioo  r;  n.ndo’.'  wr.ich  th-?  daGor-inlx.-n  vras  made, 
r'-.i  -.no. :  .1 1  i.  r  refnrenc-  '.‘.o  t-he  ••'■..set  nat;u:r-e  oC  '.-he  theor-y  jieed 
b'-i  '-o,-.::,  nin  !;  procedav-j  for  combining  aaba  from  x'u.ns 

n-,,  '  ..tndev  d  If  ft..' r'oi  I condit-ions,  i:’a6  ope  t’al.ic.mal  V'Til  Ide.tlon. 
i  t'  a  ,''].ven  •••■'>7  r:;c-i;,  be  ••.■ade  none  quickly  and  economiaally 

than  r.iighd;  be  p-oiiaible,  .if  .it  wer-e  neoes ;^a.ry  to  run  large 
niunbers  of  '..-ar; f.u.lj.y^  coi;t;roll=>d  r.t‘.lals  a.nd  yary  the  pertinent 
nat'ametei’.'i  one  by  t.-'ui. 

Lot  P)  be  the  theoretical  c.nnrulat;lva  prohabil.lty  o.f 
det  ection  ob+’alnei  rUrlng  rii.n.  l^  and  number  the  nine  in  such 
a  tTKii'Oie that 


Pj  P  .|  wiiTinerer-  I  -c  i  (1  i  <n) 

Let 

“  1  M  a  ■ie'"  •  ot  icn  occurred  by  the  end  of  ria.i^  1 

'^•1 

-  0  >>o  de'oection  oecii.r-i’ea  dur'i.r.i.g  .mu  I 

Tho.ri.  ti;v  observe 6  oLm.  1  a V .1  •  pionabi..Llt.y  of  detection 
corn .  spoodij-i)"  theoret.!.c3i  •  jurala'^ive  probability  of 

detec. b  !  i; 
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V 

d. 
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A  ;v-  '.'t'  o.",;f;rvc.'  ••  oV"  '  i  i  i ■.  !.  a<  (P,;,bf;) 

ver'jiia  fcli.t.c  ri;i-, i.cal  i-.'  r- 1-. ion  (P|;.,ii)  i.3  shovm  in 

Pl.r^ir-o  C-1  i.o pother  ' ./J  i'.h  i;.!)-'  of'-en  t  fy'eqiiert^’.'v 
131  r.u'ir, , 

A  ii.i-ii:-:-  .■  ■  I..  fh  !  -jr.-  ■-  .'  rojii  bho 

oripin  .h:  ;  .  'j,-  )  alot;/';  00;  t  3  i  (’-I'e 

prnph  i..;  ....  1  .  n-  .  iper  'n'..:.-)  p-,:-..  .  •  i  r-'h  ppo  axe-j 

suitablv  .h' re'i.  i 1.  pp 

•  fn  t'M-  ,  ui.-;  .  i",  l"'.,  ...i;  I'rcrn  the  oi’iglrj. 

repreiu:-  ',  . ;  iv  ,,  ino  n.Lonp,  -Jiil  -.-t  a  ■  n-.-yr-irea  pr'chabilj.tles  in 

r’-;.  'roo';  „■  ,!•■•.  ir v/tbh  i*.iv  ■. ''fr’i:  :;.i  .  .1  inj;,  h-ic'ortit.l.f.al  pr-ohabill- 

O  .1  l"-  d„ 

joi  iw  t.'.'i  r:  :'o.r  'r.t  if.  ;I  and  Lnt:.6rj''ie diary  pr’oba-- 
b.Lli''  ■  '.o  ■■•■•-■r.'  (.,•;!  nl'htly  v.mif.d.  if-j  ioOo,  ylejds 

alh'.  •‘ill/...  1  t '!.(■  ..'3  '.'.an  are  or •‘’.erved  i.;i  [vrach Loe.  end 

th.v'.  .  o::-  i'liad  p;.v  n.a/.ri  It-.iea  ihw  the'.'-/  i.a  sl.i.ghtly  opt.imistlc. 

Thi.  i;j.rap:'.  .d'oM’ii  It;  P.l-nire  ua."’  an  addiT,i(..'nal  proportpy 
m.ii.eb  'laTT  he  u.^senM.  A  atralgiiL  J  !;h.ronr,b  the  origin  whieh 
pro'/ides  a  pood  I'it  to  the  plo'.t.-3ri  -o  I.cn,'.'!  shown  has  a 

slope  •'‘•".‘M'  .'•!  ';hou;'ht  c  :  on  fa:; i;  to  be  ap¬ 
plied  r.-i  T'j  .  *;  liuo  t woe'll  ; '7t‘i  j , i .Irn 'ii  a  stated  .in 

y 'i  Cox‘vii'.30  (j)  t“  !.„6j  ;'e‘.‘!-i'd:' «  Shvo'  y.'O  tlo}",  0.I  saeh  a 
.Lh/y  in 
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